Many aquatic insect species, including aquatic Hemiptera, are parasitized by water mite larvae. Although this situation may cause damaging impacts to the hosts, the mites can disperse and colonize new localities in this way. Little is known about the frequency of water mite ectoparasitism amongst the aquatic Hemiptera in Turkey. In this study, larval water mite parasitism on aquatic Hemiptera, which have been collected from different localities in Turkish Thrace, was evaluated. It was found that only nine individuals, belonging two different species in a total of 367 hemipteran specimens, were parasitized by larval water mites. Furthermore, variations in sizes and shapes of the mites on the waterscorpion Ranatra linearis Linne, 1758 and Nepa cinerea Linne, 1758 were determined. These are the first records for larval mite parasitism on R. linearis and N. cinerea in Turkish Thrace.
Introduction
The Hydrachnidia (Acari) or true water mites are found in almost all freshwater ecosystems (Zawal 2003a) . In the life cycle of water mites, the active stages are the larva, deutonymph and adult (Di Sabatino et al. 2000 , Zawal 2008 . While the larval stage of almost all species of water mite are ectoparasite on aquatic insects, the other active stages are freeliving predators on the eggs and larvae of aquatic insects and microcrustacea (Reilly and Mccarthy 1993 , Di Sabatino et al. 2000 , Fairn et al. 2008 . Depending on the species, larval water mites attach to their hosts from between 4 days to 6 weeks (Ihle and McCreadie 2003, Zawal 2003b) . The host provides both nutrients to the larval mites and high dispersal ability to the mite population (Zawal 2003a) .
Water mites are made up of 300 genera containing more than 5000 species but descriptions of their larvae and deutonymphs are rare (Di Sabatino et al. 2000 , Zawal 2008 ). Larval watermites of the genera Hydrachna, Eylais and Limnochares are ectoparasites on aquatic Hemiptera and adult aquatic Coleoptera (Reilly and McCarthy 1993; Zawal 2003a; Ihle and McCreadie 2003; Fairn et al. 2008) . A number of larval water mite species have strong selection for their hosts and prefer to attach to selected sites on the host's body (Reilly and McCarthy 1993 , Biesiadka and Cichocka 1994 , Zawal 2004 , Fairn et al. 2008 . It was reported that within the Hemiptera a host is parasitized by more than one larval water mite species (Reilly and McCarthy 1993) . When the larval water mite attaches to the host, it begins to feed on the haemolymph of the host (Fairn et al. 2008) .
Although the Nepidae is a cosmopolitan family with 200 described species in the world (Ihle and McCreadie 2003) , up to the present time, only two species (Nepa cinerea and Ranatra linearis) have been reported in Turkey (Kıyak and Özsaraç 2001 , Kıyak et al. 2004 , Topkara et al. 2009 , Fent et al. 2011 and neither is there a record of larval water mites parasitizing Hemiptera nor a record of Hydrachna spp. parasitic on aquatic insects in Turkey.
The purpose of this study is to examine ectoparasitism of hemipteran specimens by larval water mites in Turkey. Fur-*Corresponding author: zawal@univ.szczecin.pl Andrzej Zawal et al. 58 thermore, the sites of attachment of water mite larvae on the insects, the different sizes of the larval body in the same specimen, and the period of the parasitizing stage were also analyzed.
Materials and Methods
Samples belonging to the aquatic Hemiptera were collected from different aquatic habitats (lakes, ponds, springs, rivers, etc.) in Turkish Thrace by using a sweeping a pond-net (300 meshes cm 2 ) through vegetation and the water surface, and using a hand-grab over mud/sand in aquatic ecosystems. A total of 56 different sites were sampled for aquatic Hemiptera specimens in this study.
The specimens were kept in plastic bottles and preserved in 70% ethanol. Only the specimens which had ectoparasite larval mites were selected, using a stereobinocular microscope in the laboratory. With the aid of a dissecting microscope, the external body surface, under the wings, and the surface of the legs were searched for mites. Larval mites were collected directly from the bodies of the parasitized hosts. The species and sex of the host and the number of attached mites was recorded.
Material 
Results
A total number of 367 aquatic Hemiptera, belonging 19 different species, were collected from 56 different localities in Turkish Thrace, the occurence of parasitic water mite larvae was recorded on only 9 individuals belonging two species (Ranatra linearis and Nepa cinerea). These were infected by Hydrachna gallica and H. globosa, respectively (Figs 1 and 2). It was observed that in all the Ranatra linearis a total of 8 specimens were infected by water larval mites, but only one Nepa cinerea within a total of 18 specimens was infected by only one parasite specimen.
All the Ranatra linearis specimens (5 females, 3 males) collected in this study had water mites in the larval stage. The prevalence was 100% and the intensity of parasitism was 4-32 (total number of parasites -125, average intensity -16.0). Intensity of parasitism was higher in females 5-32 (total number of parasites -100, average intensity -20.0) than in males 4-16 (total number of parasites -25, average intensity -8.3). The Kruskal-Wallis test: H (93, N = 126) = 89.58673 p = .5810) showed no statistically significant difference between male and female intensity of infestation. 
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Parasite occurrence on various body parts of the hosts
The parasites attached mainly to the following parts of the body: thorax (total number of parasites: 1-15, average intensity: 6.7), abdomen (total number of parasites: 2-16, average intensity: 8.0), legs (total number of parasites: 1-13, average intensity: 5.1). However, the differences were not statistically significant (Kruskal-Wallis test: H (2, N = 30) = .5164660 p =.7724). The numbers were slightly different between females: thorax (number of parasites: 6 -15, average: 9.0), abdomen (total number of parasites: 3-16, average intensity: 8.7), legs (total number of parasites: 2-13, average intensity: 6.4); and males: thorax (number of parasites: 1), abdomen (number of parasites: 1-12, average intensity: 6.0), legs (number of parasites: 1-5, average intensity: 3.0). However, in these cases the differences were not statistically significant either: females -Kruskal-Wallis test: H (2, N = 21) = 1.282759 p = .5266; males -Kruskal-Wallis test: H (2, N = 9) = 2.249275 p = .3248. It is interesting to note that in most cases parasites attached themselves to one part of the body (i.e. thorax, abdomen, or legs) of a host. A more uniform distribution of parasites was observed in the case of only three hosts, which were infested with the largest numbers of parasites (22, 22 and 32 parasites on each host, respectively). As far as particular segments of a host's body were concerned, the highest numbers of parasites attached themselves to abdominal segments I, III, IV, V and VI, as well as to the prosternum and trochanter II of the II legs (Table I) , but again the differences were not statistically significant (Kruskal-Wallis test: H (18, N = 56) = 12.65361 p = .8117).
A clear difference could be observed regarding the numbers of parasites attaching themselves to the dorsal side (1-14 parasites, average: 4.5) and the ventral side (3-24 parasites, average intensity: 10.8) of a host. The observed disparity was statistically significant -Kruskal-Wallis test: H (1, N = 15) = 4.540541 p = .0331.
Among the hosts collected in March only one female specimen of Ranatra linearis was infested with (ten) parasites. Among the specimens collected in September, five females and three males of R. linearis, as well as one larva of Nepa cinerea, were infested, with the intensity of infestation ranging from 4 to 32 (number of parasites -118, average intensity -11.8). No statistically significant differences were observed in the numbers of parasites registered on hosts at particular dates of sample collection (Kruskal-Wallis test: H (1, N = 7) = 2.250000 p = .1336).
Parasite body size
The size of the Hydrachna globosa larva parasiting Nepa cinerea was 1158 μm. The size of the H. gallica larvae amounted to 227-2244 μm, average: 579.7 μm, median: 593.5 μm. The location of the mean and median, the value of the standard deviation and the maximum and minimum value (Fig. 3) clearly show that the larvae size distribution is left-skewed.
The larvae found in March (938-2244 μm, average: 1538.2 μm) were much larger than those found in September (227-1142 μm, average: 497.0 μm). The differences were statistically significant (Kruskal-Wallis test: H (93, N = 126) = 118.2112 p = .0399). The histograms comparing body sizes of water mite larvae collected in March and September display considerable differences: the larvae in March were clearly larger than in September, and the number of smaller larvae was prevalent in September (Fig. 4) .
The differences in body sizes of parasites settling on hosts of different sexes, on different sides of a host body (ventral and dorsal) and on various body parts of a host (i.e. particular segments of the thorax and abdomen and particular leg sections) were not statistically significant. 
Discussion
This study of the larval water mites belonging to the genus Hydrachna spp. parasitizing waterscorpions (Ranatra linearis and Nepa cinerea) is the first detailed study in Turkey. Although, it is known that larval water mite parasitism is very common among aquatic insects, it has not been considered in most taxonomical aquatic studies because of the difficulties in the identification of the mite specimens (Ihle and McCreadie 2003) .
Because water scorpions are very poor swimmers and prefer areas with slow currents in aquatic ecosystems, these insects are very suitable hosts for larval water mites. In the current study, we found that adult R. linearis and N. cinerea were infested by larval water mites and examined both the numbers, the size of the mites, collections from different times of the year as well as the sex of the parasitized insects.
Although the area covered is rich in hemipteran material, water mite larvae were found to parasitize only Ranatra linearis and Nepa cinerea. In earlier studies devoted to this subject, the infestation of other hemipteran insects was similar (Biesiadka and Cichocka 1994, Cichocka 1995) . The absence of mite parasites on other hemipteran insects in this part of Turkey might mean that such species as Hydrachna cruenta, H. conjecta or H. skorikowi could be absent from the water mite fauna.
However, since the presence of these water mite species had been recorded in Turkey (Erman et al. 2010) , the fact that their larvae were not encountered in the studied hemipterological material must have been accidental.
Since the larvae of these water mites attached themselves to the Hemiptera under the elytra, they were probably overlooked by the collectors browsing through the material. Davids et al. (2007) synonymized Hydrachna gallica and H. globosa, but there are clear differences between these larvae, for instance, the shape of the gnathosoma, which becomes visibly narrower towards the front in H. gallica (Fig. 2) , as well as the fact that the two species do not parasitize the same hosts.
Parasitization of Ranatra linearis by water mite larvae of the genus Hydrachna had previously been mentioned by Vajnštain (1976 ), Sparing (1959 , and Biesiadka and Cichocka (1994; according to Vajnštain 1976) three species of the Heteroptera (Notonecta glauca, Nepa cinerea and Ranatra linearis) are infected with one parasite species: Hydrachna globosa. Sparing (1959) discovered that H. globosa parasitized two species: Notonecta glauca and Ranatra linearis, and another water mite species parasitized Nepa cinerea. According to Biesiadka and Cichocka (1994) , Notonecta glauca is parasitized by Hydrachna goldfeldi, Nepa cinerea by Hydrachna globosa, and Ranatra linearis by Hydrachna gallica. It is a very rare when one water mite species parasitizes one host species, as more frequently one parasite infests several host species. The situation is therefore somewhat confused. The present study confirms the results of previous work (Biesiadka and Cichocka 1994) : Nepa cinerea is parasitized by Hydrachna globosa, and Ranatra linearis is parasitized by Hydrachna gallica.
The 100% prevalence of mites on R. linearis found in this study is an uncommon situation. Although the number of hosts studied is small, such a high level of infestation reflects a considerable level of coincidence in the appearance of H. gallica and R. linearis together in a habitat. These results however require confirmation by further studies, especially because in Poland it was observed that the level of infestation with R. linearis although still rather high (Biesiadka and Cichocka 1994) , was considerably lower than found in Turkey.
The intensity of infestation depends on the size of a host and its availability in the environment. Hosts characterized by large body sizes (Odonata, Dytiscidae) are more intensively infected than the smaller ones (Chironomidae, Culicidae, Hydrophilidae, Corixidae) (Zawal 2003a) . At the same time, it Zawal et al. 62 seems that the high average intensity of infestation combined with a low prevalence reflects lower host availability in the environment, while the degree of advantage taken from each host is growing. Biesiadka and Cichocka (1994) recorded a considerably higher intensity of infestation combined with a lower prevalence.
No parasite preferences were discovered with reference to a host sex or a host body part. The reason why parasites prefer the ventral side of a host body was the fact that a considerable portion of the dorsum was covered with elytra, on which, and beneath which, the larvae of H. gallica would not attach themselves. The preference of water mite larvae for certain parts of a host's body is connected either with the protection against mechanical injuries associated with a considerable mobility of a host (Cichocka 1995 , Zawal 2002 , 2003b , or with the facilitation of a larvae's return to the water environment (in the case of damselflies) (Zawal 2006) , or with competitiveness between the species (Baker et al. 2007 ). In the situation discussed here we do not have to deal with any of these, and the occurrence of a potentially higher number of parasites on a particular body part of a host (combined with a comparatively low intensity of infestation) is probably not governed by any specific pattern, but simply random. When the intensity of infestation is higher the parasites are distributed more evenly.
The numbers of H. gallica larvae recorded in March and in September did not display a statistically significant difference, but in March just one specimen of R. linearis was collected, and thus the material was not representative. It remains an open question whether the number of H. gallica larvae parasitizing their host in the spring is similar to the number of these larvae encountered in late summer and in the autumn. In other species representing the genus Hydrachna, the larvae are definitely less numerous in the spring (Davids 1973 , Cichocka 1995 , Zawal 2002 ). It is believed that H. gallica, similar to other species belonging to the genus Hydrachna, winters as a parasitic larva and infects its hosts in the spring or summer (Davids 1973 , Cichocka 1995 , Zawal 2002 , as indicated by the differences in larvae sizes (see below). A long parasitization and overwintering period as a parasitic larva has to result in a considerable high mortality rate at this stage, which results in a lower number of H. gallica larva recorded in March.
The sizes of H. gallica larvae were characterized by a very wide range (227-2244 μm), and the location of the mean and median (Fig. 3) indicated that the larvae size distribution was left-skewed, with a large share of small-sized larvae. The reason for such a situation was probably due to the fact that a majority of the larvae were collected in September, i.e. the beginning of the parasitization period. The largest larvae were encountered in March, i.e. towards the end of the parasitization period. This meant that the body growth during the parasitic larval stage equalled 1000%. Such an enormous body growth during the parasitic stage is typical for species of the genera Hydrachna and Eylais (Davids 1973; Cichocka 1995; Zawal 2002 Zawal , 2003b , contrary to the majority of the remaining genera of the Hydrachnidia (Zawal 2003b ). The differences between the sizes of larvae collected in March and in September were statistically significant and their distribution (Fig. 4) clearly show that March was characterized by the prevalence of large larvae while September was characterized by the prevalence of small sized ones. These facts clearly indicate that the parasitization period begins in September and ends in March.
No statistically significant differences in body size of parasitic larvae were recorded depending on the sex of a host or the location of a parasite on a host body, which proved that from the trophic point of view all body parts of hosts were equally favourable for the parasites. This fact additionally confirmed the lack of preference of the parasites for any body parts of the hosts and indicated that the number of parasites attached to particular body parts depended on the intensity of infestation and the direction from which the parasites attacked.
Ranatra linearis is a common and widely distributed species, but not very abundant anywhere within the whole range of its distribution. Hence, Hydrachna gallica which parasitizes Ranatra linearis, is a comparatively rare water mite species. The analyzed specimens were not very numerous, but modest data available in subject literature about water mites parasitizing Ranatra linearis indicated that it was typical in the natural environment. In the future, information obtained in the course of the study ought to be verified by examining more material.
